In this present work, Hydro-dearomatisation of toluene and hydro-isomerisation of n-hexadecane (n-C 16 ) in ultralow sulphur diesel (ULSD) using Pt-Cl/H-Beta and Pt/H-Beta catalyst was investigated in a continuous down-flow trickle-bed reactor (DFTBR), and the physicochemical properties of products were studied. The catalytic effect on 40:60 wt% of H-beta-zeolite (H-β) and binder-aluminahydrochlorite extruded was characterized in scanning electron microscopy, nitrogen adsorption and coke testing. The study showed that 80 to 95 wt% of middle distillates recovered in ULSD on elevated temperature between 230 and 270 • C at 5 MPa. With a higher residence time of feed, the middle distillate recovered with 2.2 v/v% of aromatics and −32 • C of cloud point. In the model compound investigation of toluene and n-C 16 , it was observed that absorption of aromatic ring inhibits the rate of isomerisation; particularly it reduces the yield of branching and rearrangement of n-C 16 . Also, Cl-incorporated H-β extrudate enhanced the ring saturation and suppressed the reaction path in oligomerisation and cyclisation of paraffin. This methodology achieved asingle-stage upgrading technique involved in the delivery of commercial diesel in the market with low cloud point and aromatic content.
Introduction
The growing infrastructure and industrialisation lead to high demand for transportation fuel in commercial vehicles. Diesel and light gas oil (LGO) used as the primary transportation fuel [1] [2] [3] . As the dependency on conventional diesel marginally increases, the need for additional fuel source for sustaining the market has to identify. In such a case, refineries are interested in substituting biobased transportation fuels like tall-oil, animal fat, fatty acid methyl ester (FAME), or vegetable oil blended with diesel [1] [2] [3] . In this context, either blending of FAME with diesel or direct hydrotreated FAME and vegetable oil produce higher-end straight-chain hydrocarbons like heptadecane (C 17 ) and octadecane (C 18 ), and the product was named ultralow sulphur diesel (ULSD). The C 17 and C 18 influence quick solidification at low temperatures and affects cold filter plugging point (CFPP) [1] [2] [3] [4] [5] [6] [7] [8] [9] . Table 1 represents the properties of hydrotreating 5 wt% FAME blended with diesel, which produces ULSD less than 1 ppm of S content, 10 vol% aromatic content and −32 • C cloud point.Similarly, the coprocessing of a higher fraction of FAME in ULSD has to upgrade through branching hydrocarbon (n-alkanes to isoalkanes) by hydro-isomerisation and reduce the aromatic content by hydro-dearomatisation [3] . Here, the hydro-isomerisation is the critical step in which product can improve in cold flow properties Table 1 . Physical properties and chemical composition of the hydrotreated and commercial diesel provided by Preem AB, Sweden. IBP-Initial Boling Point; FBP-Final Boiling Point; # polyaromatic hydrocarbon (PAH) (tri+) should be less than 0.02% with diesel grade. * Samples were analysed at Preem refinery laboratory, Gothenburg, Sweden under the similar test methods adapted earlier [2, 4, 5] .
Parameters
Hydrotreated FAME in Gas Oil ( In recent decades, hydro-isomerisation of ULSD by noble metals on acidic solid catalyst like zeolites or silica aluminates in micro-or mesopore structure was used in refineries [6] [7] [8] [9] . Zeolite synthesis with different crystalline structure and characteristics had widely studied and, its performance was investigate using hydro-isomerisation and hydrocracking on ZSM, Y-type, H-β, SAPO and MCM for branching the high molecular weight straight-chain hydrocarbons [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Product shape selectivity mainly achieved through the crystalline pore structure and molecule size in pore diffusive diameter, but the acidity of catalyst play the main role in product distribution [13] [14] [15] .The tuning of the acidic property of zeolite and extrudate was achieved by varying SiO 2 /Al 2 O 3 (or Si/Al) and the operating temperature. The characteristics of the zeolite with alumina extrudate acted as acid catalysts, which undergo carbon-carbon rearrangement and hydrogenation. The noble metal functioned in hydrogenation-dehydrogenation catalytic mechanism [7] .
Study on postsynthesis modification by impregnation, deposition, ion exchange and pore-mouth siliceous riming over extruders in tuning acidity with different Si/Al ratio was observed in the literature [3] [4] [5] [6] [7] [8] [9] . Also, different Si/Al ratio in the framework, ranging from 10 to 150, was identified and its influencing parameter of density and strength of acidic sites were decided on reactivity and selectivity in hydro-isomerisation [9] . Notably, an increase in the Si/Al ratio from 12.5 to 150 of H-β zeolite can marginally increase in product yield, multibranching selectivity and thermal stability [9] . Here, conversion in branching skeleton isomerisation affected by robust Lewis acidic site in O-Si-O which induced moderate cracking and deactivation. However, the addition of alumina binder suppresses Lewis acid site number, and further increases the Brønsted acid site number to have moderated acidic strength on the surface [9] . Thepublications observed on protonation of Brønstedacid sites induce hydrogen ions for rebranching and isomerisation processes in high Si/Al zeolites [10] [11] [12] [13] [14] [15] [16] [17] [18] . The previous study revealed that zeolite makes the transition metal more electrophilic, thus helps the reoxidation of metal during the reaction [19] .
On the other hand, doping of Cl in Pt-ZSM-5 over the hydro-isomerisation proved the suitability with the required acid site number; reduce the acidic strength and lower its coking [10] . Also, enhanced Pt dispersion on Cl-doped ZSM-5 induces higher hydrogenation activity of benzene and cyclohexene into cyclohexane, which is evidence for causing dearomatisation. The Cl enhanced the ring saturation and suppressed the reaction path in oligomerisation [19] . Also, Cl acts as a catalytic poison if it substitutes through feed in the form of HCl [19] ;whereas investigating with F doping shows a low acid site number and low hydrogenation activity as compared to Cl [10, 11] . Skeletal isomerisation and conversion increases if Cl ions introduced into alumina to form Brønsted acid sites [11, 12] . The reaction has to perform at low temperatures to improve equilibrium yield and lower chlorine elution.
Thermally stable zeolite like H-β prepared with noble metal on extrudate should have longer catalyst lifespan (regenerative capability), produce higher selectivity of desired isomer product and achieve a higher yield with minimum cracking [7] [8] [9] [10] . Apart from acidic strength, presences of aromatic content in feed and higher operating temperature can affect the regenerative property of catalyst [20] [21] [22] . To minimise the coking, excess H 2 feed over catalyst surface and moderate operating temperature are sufficient. Apart from acidity, large or medium pore size was required to avoid secondary cracking [23] . Similarly, large diameter pore zeolite can increases monobranch isomers with low hydrocracking at higher isomerisation selectivity [9] [10] [11] [12] [13] [14] [15] .
Traditionally, hydrogenation of aromatic compounds in diesel was carried using noble metal on alumina. Hydrogenation of ring mainly initiated between 150 and 200 • C, further increase in temperature substantially enhance dehydrogenation [11] [12] [13] . Hence, the required hydro-dearomatisation after hydro-isomerisation can examine, if both hydrogenation and dehydrogenation function were performed in a single-stage over a zeolite at an operating temperature from 200 to 300 • C, with hydrogenation of aromatic compounds depends on moderate temperature [13, 22] . The fundamental research and understanding in dearomatisation of product through zeolite had not explored widely at hydro-isomerisation condition. Also, dual mechanisms, such as dearomatisation and isomerisation of long straight-chain hydrocarbon, had not been investigated.
The investigation of hydro-dearomatisation and -isomerisation using Pt/alumina-H-β catalyst was performed in a continuous trickle-bed reactor, in which extrudatewas prepared with alumina hydrogel binder. Large SiO 2 /Al 2 O 3 ratio H-β used with hydrogel (with or without Cl) for pellet making process. This investigation consists of hydro-isomerisation of n-C 16 , a model compound of long straight-chain hydrocarbon, over intercrystalline Cl in Pt/alumina-H-β extrudate catalyst, in which high aromatic content of ULSD compared with non-Cl extrudate. This catalyst examines dearomatisation mechanism while upgrading to achieve improved CFPP (or reduce cloud point) and lowered aromatic content. The catalytic influence in hydrocracking and dearomatisation of monoaromatic hydrocarbons at diesel upgrading illustrated and toluene was a model compound in this investigation.
Materials and Methods

Feed Material
EN590 diesel feed as named Ultralow Sulphur Diesel (ULSD) contains 10 v/v% aromatic content and has less than 1 ppm of nitrogen (ASTM D4629) and sulphur (EN ISO 8754). Hence, the nitrogen and Sulphur considered as negligible amounts in ULSD. Preem refinery, Sweden, supplied the hydrotreated EN590 diesel (ULSD) from the hydro-desulphurization unit. The ULSD consist of high aromatic content and heavier fraction as compared to LGO, detailed data comparison shown in Table 1 . Toluene (anhydrous, purity 99.8% and <0.1% benzene) and n-C 16 (Reagent plus, 99% purity and <1% lighter hydrocarbons) were purchased from Sigma-Aldrich (Gothenburg, Sweden). The blending of 10 wt% n-C 16 in ULSD was named as 10 H-ULSD for further description in this investigation.
Zeolite Precursor
Previously, Zeolite pellets with an appropriate binder like Alumina, Silica and Bentonite were investigated [9, [11] [12] [13] . Instead of doping Cl through hydrohalogenation mechanism [10, 11] , preparing zeolite pellets using chlorine-hydrogel can trap the Cl in intercrystalline structure. Here, impregnation Energies 2019, 12, 2853 4 of 15 methods were used widely to load the known quantity of metals and promoters on the support surface [12] [13] [14] [15] [16] [17] . Also, zeolite dehydrating at calcination temperature between 350 and 500 • C was optimum; in which agglomeration of the framework can be avoided [5, [11] [12] [13] [14] .
Zeolite Extrusion
Beta Zeolite in hydrogen cation form (H-β) with a commercial name as CP811C-300 has SiO 2 /Al 2 O 3 mole ratio of 300 and 0.05 wt% of Na 2 O. Extrusion was made by H-β zeolite with hydrogel such as high purity pseudo-boehmite alumina and aluminium hydroxychloride (50% aqueous solution and 0.6 wt% Cl) at a ratio of 40 (zeolite):60 (binder) wt% on an alumina basis. The Cl-based extrudates synthesised by blended using aluminium hydroxychloride hydrogel and cylindrical extrudates obtained in 2 mm diameter and 5 mm average length through peptisation. Similarly, non-Cl catalyst synthesised in an aqueous form of pseudo-boehmite and zeolite were extrudate in cylindrical pellets through peptisation in an acidic medium. The support materials were dried at 110 • C for 5h and calcined at 350 • C for 6 h. Though ion exchange was preferred in most of the research studies, to obtain highly-loaded Pt and to retain Cl in the extrudate, the preferred method was impregnation. After drying and calcination, platinum was loaded using tetrammineplatinum (II) nitrate (Pt(NH 3 ) 4 (NO 3 ) 2 ) by impregnation to reach 2 wt% Pt on carrier surface [9] . The catalysts were dried at 110 • C for 5 h and calcined at a temperature of 400 • C for 4 h in the air.
Experimental Procedure
The experimental analysis consists of a tank for feeding ULSD, dossier pump, cocurrent down-flow trickle-bed reactor (DFTBR), gas meter, product collecting tank, mass flow gas controller, temperature controller with three heating zones and gas collector [2, 24, 25] . The reaction parameter consists Liquid Hourly Space Velocity (LHSV = mln of liquid per ml of catalyst per hour), Gas Hourly Space Velocity (GHSV = mln of liquid per ml of catalyst per hour), Operating Pressure (P) (MPa) and temperature (T) ( • C). The investigation was carried out with Pt-Cl/H-β-zeolite, and Pt/H-β-zeolite on extrudes shape of 1/32-in with properties as mentioned in Tables 2 and 3 . The catalyst was loaded at the centre of DFTBR with weight 28.31 g (31 mL) in designed length 62.6 mm and internal diameter 18 mm. Rest of the space in DFTBR filled with 2 mm Borosilicate glass pellets. The mixture of feed and gas was set to flow down in DFTBR on the cocurrent direction and, periodically, all the products had withdrawn from the product tank. The catalyst was in-situ activated by flashing H 2 gas at GHSV = 1400 mln/(g.cat).hat 350 • C for 8 h and placed in a small N 2 flow for overnight. 
Analytical Study
Simulated distillation (ASTM D2887, Gothenburg, Sweden) in gas chromatography (GC) technique (Varian 3400) used to analysis hydro-isomerisation of diesel and n-C 16 liquid product. GC had equipped with a silicon packed column and flame ionisation detector (FID) with a set point and operation procedure as given in the references [2, 24, 25] . The liquid products were analysed in a simple distillation unit based on ASTM D86 standards test method to find the quantitative hydrocarbon fractions. The liquid product in hydro-isomerisation of toluene was performed in a GC connected with mass spectra (Perkin Elmer 3920) equipped with a Capillary column (Elite-5MS column, 30 m × 0.3 mm. I.D., 1.0 µm film thickness and dimethyl polysiloxane) and a flame ionisation detector (FID) on N 2 as a carrier gas. The injector and detector maintained at 300 • C, and the initial column temperature kept at 40 • C for 2 min, ramped till 270 • C at 16 • C/min and the final temperature continued for 8 min. Data computation performed using a Hewlett Packard 3380S (Aberdeen, UK) integrator.
The reactor outlet gas line was connected using online Perkin Elmer Clarus GC, signal interprets with 600 link switch controllers, as referred in [2, 24, 25] . The gas analyser consists of a thermal conductivity detector (TCD) to measure H 2 and methane, and FID for gaseous hydrocarbon. The inlet and outlet sampling value for FID (N 2 as mobile phase, at 200 • C) and TCD (He as mobile phase, at 250 • C) detectors had four valves actuated with programmed pneumatic control by N 2 gas in 0.4 MPa.
BET surface area measurements on zeolite and its spent materials had performed in a Micro-metrics Surface Area and Porosity Analyser (Tristar 3000, Gothenburg, Sweden) by adsorption of nitrogen. The samples were vacuum-dried at 250 • C for 2 h and cooled at room temperature prior analysis.
The freshly prepared zeolite electron microscope (Gothenburg, Sweden), which is equipped with an energy-dispersive X-ray detector for chemical analysis and an electron backscattered diffraction detector, used to identify grain orientation and texture analysis. The catalyst grained in the presence of ethanol solvent and vacuum-dried at 100 • C for 4 h.
Using Pyridine as probe molecules, concentration of Brønsted and Lewis acid sites was measured for the extrudate in Fourier-transform infrared spectroscopy (FTIR) (Bruker FTIR A. Model Tensor-27, Erode, India) in the transmission mode. With 20 kHz speed and 4 cm −1 spectral resolution, the catalyst of 5 gm, which was pressed into thin wafers, was placed in the IR cell after being vacuum-dried at 350 • C for 2 h. After that the pyridine vapour at 150 • C is introduced to the cell for 30 min and hot Argon gas passed for 30 min then the spectrum is recorded. The presences of Pyridine on surface of catalyst used to study the FTIR spectrum in identification of Brønsted and Lewis acid sites. Also, the amount of acidity in mmol/g read with an area of wafer dimension with voidness, the area under the peak in cm −1 and weight of the sample in gram by Lambert-Beer law [26] .
Simple distillation, with a cut-off temperature of 170 • C, used to purify upgraded gas oil from hydrocracked lighter fractions. The distillation carried in an N 2 atmosphere, and the collected samples had stored in a coolerat 6 • C. The physicochemical properties of ULSD for distilled and nondistilled residual had analysed in Preem refinery (Gothenburg), Sweden.
Results and Discussion
The feed ULSD was pumped into the reactor by dossier pump on the down-flow direction along with H 2 at LHSV = 1 h −1 , H 2 -GHSV = 1180 mln/(g.cat).h, P = 5 MPa, and T = 250 • C for 20 days to achieve stabilised conversion for further experimentation after assuming no coke deposit. Then, maintained from the deactivation/coke deposit stage, the sampling was carried out to examine the Energies 2019, 12, 2853 6 of 15 performance in H-β-zeolite for the feed that consists of 10 wt% n-C 16 in ULSD (named as 10 H-ULSD). From therein, this research elaborates the analytical study of the isomeric products in forthcoming sections. Each sampling quantity collected for 22 h run on continuous operation stream.
Mass balance of gases and liquid hydrocarbons were calculated based on carbon molecules; hence, the accuracy was greater than 95% on average. The overall conversion of reactant calculated as Conversion = n − Hexadecane present in product × 100 total n − Hexadecane fed in the feed
Catalyst Characterization
The surface texture of zeolite and metal deposition on extruder was examined using Scanning Electron Microscopy (SEM) technique, as depicted in Table 3 and Figure 1 . The SEM showed the appearance of pores in the material cross-section, and the surface consists of Pt and metallic oxides with a range of 0.58 to 0.67 wt% of Cl atoms. Also, EDS spectra confirm the pore structure chlorine atoms with metal oxides and Pt. Table 3 indicates EDS spectra on the top side of pellets with 2.03 wt% Pt at Pt-Cl/H-β and 2.05 wt% at Pt/H-β pellet. Hence, the segmented side of pellet-material shows a higher dispersion of Pt up to 2.11 wt%, though it represents a single point analysis of Pt; however, multiple locations of spectra testing might vary slightly in metal load. Generally, chemical species reside on oxides of Al 2 O 3 on the surface indicates Brønsted acidic sites and SiO 2 influence widely Lewis acidic sites [13] [14] [15] [16] [17] [18] . Low Lewis acidic sites indicate the low coke deposition on the catalyst surface [27, 28] . However, Table 3 shows the Al, Si, O and Cl composition on the surface of the prepared extrudates, in which Al 2 O 3 have the same form in the extrudates, while SiO 2 has a higher balance in Pt-Cl/H-β. So, this data reveals the high acidic strength on Pt-Cl/H-β than Pt/H-β.
The acidic property of prepared zeolite investigated with the pyridine test following the FTIR method. The result is shown in Figure 2 , in which the bonding of acidic sites can identify by N-bonding and pi-bonding. The Lewis sites identified at 1425-1465 cm -1 and Brønsted sites identified at 1635-1500 cm -1 . Stretch on -O-H with N-bonding at pyridine represents the strong implication of Brønsted acidic sites whereas the Lewis sites show lower concentration with N-bonding on the oxides of the material. Apart from N-bonding, Pi-bonding with oxides and metal sites appeared at 1000-1395 cm -1 implies weak strength to hold for higher operating temperature. In comparing H-β and Cl-H-β, as visible at Figure 2c ,d, the intensity at 1465 cm -1 and 2350 cm -1 indicate a higher concentration of Lewis sites in chlorine availability. Also, the low density of Brønsted sites shown for SiO 2 as compared to Al 2 O 3 can be visible at the intensity of N-and C-bonding with surface metal and oxides, as noted in Figure 2a ,d. In this investigation with referred calculation [26] , though high alumina atoms substituted by extrudates, which give mainly Brønsted sites (estimated concentration in Cl-H-β of 136 ± 18 mmol g -1 at ambient condition) by total hydroxyl with Pyridine, but low density of metal oxides bonding with Pyridine has implied Lewis acid sites (estimated concentration in Cl-H-β of 101.9 ± 23 mmol g -1 ) over the surface. Generally, pi-bonding with metal site or oxides might induce ring hydrogenation and hydroxyl group with pyridine might induce the isomerisation mechanism. Further study of isomerisation of straight-chain hydrocarbon and hydrogenation of aromatic compound is required to understand the behaviour of catalyst in product formation on tested conditions. Figure 3a exhibited characteristics of the extrudate as IV-type hysteresis appeared in the case of ink-bottles shapes of the capillaries or deformed tubes with small outlets. Also, according to the BJH (Barrett-Joyner-Halenda) method, adsorption-desorption branches of isotherms in pore size distribution was calculated and displayed in Figure 3b . The pore width varies from 5.2 to 5.8 nm size, while the spent catalyst has 4.5 nm, which consists of 2 wt% coke after the experiment. On average pore volume of 0.21 (Pt/H-β) and 0.23 (Pt-Cl/H-β) (cm 3 /g), as represented in Table 2 , but the pore size distribution in Figure 3b shows two different dual model pore structures appeared. In which both have a very narrow pore size distribution, with an average pore diameter of 38 Å and 55 Å, respectively. The range of pore structure distinguishes between 20 to 40 Å and 45 to 70 Å have described as minor and marginally wider pore distribution of duel pores range. 
Hydro-Isomerisation of n-Hexadecane in ULSD
The product of hydro-isomerisation examined for pure n-C 16 , 10 H-ULSD and Toluene on different space velocity, pressure and temperature in specific physicochemical properties shown in Tables 4 and 5. The feed had tested at an elevated temperature between 200 and 300 • C under known thermodynamic equilibrium condition, respectively. This moderate condition influences less dehydrogenation and cracking on isomerisation by zeolites [12] [13] [14] [15] [16] [17] . Figure 3a exhibited characteristics of the extrudate as IV-type hysteresis appeared in the case of ink-bottles shapes of the capillaries or deformed tubes with small outlets. Also, according to the BJH (Barrett-Joyner-Halenda) method, adsorption-desorption branches of isotherms in pore size distribution was calculated and displayed in Figure 3b . The pore width varies from 5.2 to 5.8 nm size, while the spent catalyst has 4.5 nm, which consists of 2 wt% coke after the experiment. On average pore volume of 0.21 (Pt/H-β) and 0.23 (Pt-Cl/H-β) (cm³/g), as represented in Table 2 , but the pore size distribution in Figure 3b shows two different dual model pore structures appeared. In which both have a very narrow pore size distribution, with an average pore diameter of 38 Å and 55 Å , respectively. The range of pore structure distinguishes between 20 to 40 Å and 45 to 70 Å have described as minor and marginally wider pore distribution of duel pores range. Figure 3a exhibited characteristics of the extrudate as IV-type hysteresis appeared in the case of ink-bottles shapes of the capillaries or deformed tubes with small outlets. Also, according to the BJH (Barrett-Joyner-Halenda) method, adsorption-desorption branches of isotherms in pore size distribution was calculated and displayed in Figure 3b . The pore width varies from 5.2 to 5.8 nm size, while the spent catalyst has 4.5 nm, which consists of 2 wt% coke after the experiment. On average pore volume of 0.21 (Pt/H-β) and 0.23 (Pt-Cl/H-β) (cm³/g), as represented in Table 2 , but the pore size distribution in Figure 3b shows two different dual model pore structures appeared. In which both have a very narrow pore size distribution, with an average pore diameter of 38 Å and 55 Å , respectively. The range of pore structure distinguishes between 20 to 40 Å and 45 to 70 Å have described as minor and marginally wider pore distribution of duel pores range. The product distribution for ULSD and 10 H-ULSD hydro-isomerisation results indicate that the yield of diesel fraction reduced from 90 to 50 wt% at elevated temperature 230-270 • C and LHSV = 1 h −1 with 100% hexadecane conversion. Also, naphtha steadily increases from 5 to 50 wt%. Hence, with a lower feed rate at 0.5 h −1 , beyond operating temperature T = 260 • C, the drastic increase in the concentration of lighter naphtha with rich gasoline fraction and simultaneous reduction of diesel fraction was noted and this indicated in Table 4 .
The 10 H-ULSD contains a total aromatic content of 8.8 v/v%, which had dearomatised to 5.6 and 0.01 v/v% on elevated temperature, and the respective results are shown in Table 4 . Particularly, at LHSV = 1 h −1 , P = 5.0 MPa and T = 240 • C, the aromatic content reduced to 4.9 v/v%. Also, less than 0.02 v/v% of PAH noted. As compared with the monoaromatic concentration, PAH and diaromatic content had no significant changes for elevated temperature and pressure. For elevated pressure between 4.0 and 6.5 MPa, the substantial reduction in aromatic was 4.5 to 3.3 v/v%. Though the increase in H 2 pressure saturates ring, the effect was limited comparative to operating temperature. The FBP of products found to be 302-290 • C for operating temperature, and at high pressure showed 306-290 • C with lesser hydrocarbons in gasoline fraction. The heavy fraction completely disappeared at elevated temperature, and it appears up to 1.8 wt% at elevated pressure. Similarly, at the above condition, on Pt/H-β hydro-isomerisation, heavy fraction appeared in the range of 1.9 to 2.1 wt%. At LHSV = 0.5 h −1 in Pt/H-β, the higher quantity of gasoline-type products appeared and its aromatic content had lowered up to 2 v/v%. Also, the tested results indicate the decrease of the cloud point up to −14 to −21 • C. However, Pt-Cl/H-β hydro-isomerisation had −20 to −34 • C of the cloud point for T lower than 260 • C. Higher isomeric compound emphasised with lowering the cloud point and higher the diesel fraction, but it significantly appeared in Pt-Cl/H-β than Pt/H-β. Thus the disproportionate mechanism of intermediate might have branching than cracking.
n-Hexadecane Isomerisation
Pure n-C 16 fed for the hydro-isomerisation under the following testing condition; T = 230 to 270 • C; LHSV = 0.35 to 1.5 h −1 ; P = 5 MPa and GHSV = 1180 mln/(g.cat).h; these results were represented in Figure 4 . As the temperature increases, the conversion increases from 35.4 to 61.5%. The product consisted of unsaturated n-C 16 and mono-and dimethyl-branched hydrocarbon with the composition of 43.4% and 24.6%, respectively. Also, the ΣC 3 and ΣC 5+ /C 6+ in outlet fuel gas from hydro-isomerisation were increasing for temperature, as shown in Figure 5 . Thus, gaseous hydrocarbon mostly evolved from hydrocracking of isoalkane/ene. Particularly, the indication of cracking identified by evolving methane, which has a range of 2 to 5 mol%, and whereas the concentration of other outlet gases increased proportionally with temperature. Authors indicate H-β zeolite was widely used for hydrocracking and hydro-isomerisation [9] but had unique nature in alkylation or rebranching [27] . At 250 • C, it indicated that the concentration of isomerised products had a higher rate of formation than its consecutive hydrocracking mechanism. However, the isomer distribution was markedly dependent on the conversion rate and flow rate of feed. As the temperature increases (above 250 • C), the reaction rate of hydrocracking increases, this results in the formation of lighter hydrocarbon. Previous results showed that for Si/Al ratio less than 35, for T > 270 • C, 40 wt% in hydrocracking and 80% conversion of n-C 16 are notable [14] [15] [16] [17] [18] [19] [20] .
initially while the secondary carbonium ions initiated the reaction mechanism on metal sites [29] . Hence the 30 wt% of unsaturated alkene formation was seen at LHSV = 0.35 h -1 . Also, while increase LHSV, which reduce the residence time of feed on the catalyst, it increase lighter liquid hydrocarbon significantly such as less than ΣC8 and the absence of ΣC9 to ΣC12 noticed. Hence, the bonding of metal and carbonium ion at the -HC + -CH3 position involved 2-methyl iso group as the initiation of the reaction. The carbonium ion at C4 to C8 position formed with the ion transformation in a chain or proton abstraction to acidic sites of metal. So, the product evolved as C16= (hexadecene) and C15-/=(2Me-C15) which initiate isomeric compounds (alkene show a decrease in the boiling point of below 281 °C, and see at BP = 272 °C in Tables 4 and 5) which appeared 15 to 30 wt%, as referred in Figure 4 . For LHSV < 1 h -1 , the product contains 25 to 30 wt% of C16=, while on 230 and 270 °C had 17 to 22 wt%. Also, disproportionate results in hydrocracking for up to 15% on T = 270 °C, while no impact by LHSV. The researchers support that hydrocracking on bimetallic zeolite does not affect longer residing hydrocarbon in pore channel [30, 31] . On inducing unsaturation in the molecules, there was a shift in reversibility equilibrium on the forward mechanism, so branching of isoalkanes/enes results to 20 wt% of 2-methyl-pentadecane (2-Me-C15). Further, the propagation of branching appeared in monomethyl group of different positions such as 2-Me-C15 to 7-Me-C15 products. So, the degree of branching had formed in tertiary or higher carbonium ions, but it involved in the dissociation of -C-C + -by scission with a low degree of hydrogenation at a higher temperature. In this case, excess H2 supply and 2.05 wt% metal load can influence low hydrocracking [6, 32, 33] . Thus, lower than 10 wt% of lighter hydrocarbon indicated hydrocracking by Pt-Cl/H-β and Pt/H-β. So, with this result of both 10H-USLD and n-C16isomerisation, it can predict that smaller straight-chain compound might undergo branching in pore channel and longer straight-chain hydrocarbon might undergo branching on the catalyst surface. In terms of pore size, higher the diameter results in secondary cracking but smaller pores had some influences in oligomerisation in relation with previous studies [33] . At higher operating temperatures might redirect the dehydrogenation and alkylation along with thermal cracking.Branched lighter hydrocarbon, as indicated in Figure 5 , infers the multibranching subjected to higher hydrocracking. Other than pore structure, temperature and turn over frequency, controlled mechanism over the strength of active sites and catalyst shape selectivity might influences greatly for multibranching. It is complicated to distinguish the branching in USLD. Further, the absence of rings compounds in hydro-isomerisation is reveals that no aromatisation mechanism in isomerisation mechanism. As the liquid flow rate reduced from LHSV = 1.5 to 0.35 h −1 , the conversion increased from 27% to 68.6%, as represented in Figure 4 . The observation indicated that there was limited cracking or methyl group dissociation during rearrangement and branching mechanism. Alkene appeared initially while the secondary carbonium ions initiated the reaction mechanism on metal sites [29] . Hence the 30 wt% of Energies 2019, 12, 2853 11 of 15 unsaturated alkene formation was seen at LHSV = 0.35 h −1 . Also, while increase LHSV, which reduce the residence time of feed on the catalyst, it increase lighter liquid hydrocarbon significantly such as less than ΣC 8 and the absence of ΣC 9 to ΣC 12 noticed. Hence, the bonding of metal and carbonium ion at the -HC + -CH 3 position involved 2-methyl iso group as the initiation of the reaction. The carbonium ion at C 4 to C 8 position formed with the ion transformation in a chain or proton abstraction to acidic sites of metal. So, the product evolved as C 16= (hexadecene) and C 15-/= (2Me-C15) which initiate isomeric compounds (alkene show a decrease in the boiling point of below 281 • C, and see at BP = 272 • C in Tables 4 and 5 ) which appeared 15 to 30 wt%, as referred in Figure 4 . For LHSV < 1 h −1 , the product contains 25 to 30 wt% of C 16= , while on 230 and 270 • C had 17 to 22 wt%. Also, disproportionate results in hydrocracking for up to 15% on T = 270 • C, while no impact by LHSV. The researchers support that hydrocracking on bimetallic zeolite does not affect longer residing hydrocarbon in pore channel [30, 31] .
On inducing unsaturation in the molecules, there was a shift in reversibility equilibrium on the forward mechanism, so branching of isoalkanes/enes results to 20 wt% of 2-methyl-pentadecane (2-Me-C 15 ). Further, the propagation of branching appeared in monomethyl group of different positions such as 2-Me-C 15 to 7-Me-C 15 products. So, the degree of branching had formed in tertiary or higher carbonium ions, but it involved in the dissociation of -C-C + -by scission with a low degree of hydrogenation at a higher temperature. In this case, excess H 2 supply and 2.05 wt% metal load can influence low hydrocracking [6, 32, 33] . Thus, lower than 10 wt% of lighter hydrocarbon indicated hydrocracking by Pt-Cl/H-β and Pt/H-β. So, with this result of both 10H-USLD and n-C 16 isomerisation, it can predict that smaller straight-chain compound might undergo branching in pore channel and longer straight-chain hydrocarbon might undergo branching on the catalyst surface. In terms of pore size, higher the diameter results in secondary cracking but smaller pores had some influences in oligomerisation in relation with previous studies [33] .
At higher operating temperatures might redirect the dehydrogenation and alkylation along with thermal cracking.Branched lighter hydrocarbon, as indicated in Figure 5 , infers the multibranching subjected to higher hydrocracking. Other than pore structure, temperature and turn over frequency, controlled mechanism over the strength of active sites and catalyst shape selectivity might influences greatly for multibranching. It is complicated to distinguish the branching in USLD. Further, the absence of rings compounds in hydro-isomerisation is reveals that no aromatisation mechanism in isomerisation mechanism.
Toluene Dearomatisation
Hydro-dearomatisation of pure toluene examined with Pt-Cl/H-β, and Pt/H-β catalyst can reach up to 45 wt% conversions, in that 50 wt% converted into nonaromatic compounds, and its product distribution represented in Figure 6 and its GC-MS results attached in Figure 7 . Presence of 7 wt% of alkylated toluene rings such as 2,2 -dimethyl biphenyl, 3,3 -dimethyl biphenyl and 4,4 -dimethyl biphenyl compounds observed for GHSV = 400 mln/(g.cat).h, but in spite of higher GHSV (1180 mln/(g.cat).h) it vanished in the product (noticed in Figure 6a,b) .
At 240 • C, 5.0 MPa and 1180 mln/(g.cat).h, Hydrogenated rings of alkylated toluene, tetradecane and isomers of tetradecane appeared from 9 wt% was evident, and the rest contains nearly 37 wt% hydrocracked compounds without alkylating compounds. For similar condition, Pt/H-β hydro-dearomatisation results with 7 wt% of alkylating aromatic compounds, 29 wt% hydrocracked compounds and rest contain 8 wt%. It indicates Pt/H-β induce alkylation of an aromatic compound on higher concentration.
The alkylation over the cation sites was active, and it also gives heavy distillate products at high temperature through cyclic group rearrangement and dehydrogenation [26, 32, 33] . At a moderate temperature at 250 • C and above, the partially cracked radicals from rings initiate in chain growth and, results in unsaturated heavier hydrocarbon. Within chain growth, carbonium ions abstraction H + proton in secondary alkyl hydrocarbon might shift the placement of double bond as a rearrangement mechanism and also iso-alkenes might make a pathway for alkylation or polymerisation with rings.
It was evident, from Figure 7 , that the toluene undergoes two reaction pathways, first: hydrogenate to cyclic compounds and hydrogenolysis (C-C scission in cyclic group by presence of H 2 ) to give iso-C 6 isomeric compounds; and second: toluene alkylated into dimethyl biphenyl group, hydrogenated to cyclic compounds and results in the hydrogenolysis to give C 14 isomeric compounds. Among other zeolites, Pt/H-β had the highest absorption of benzene over the surface of active sites [34] , this gain in hydrogenation and hydrocracking of the ring, which increases de-aromatise of ULSD feed. Apart from the temperature influences, the dehydrocyclisation of n-paraffins was a metal catalysed reaction [35] that might enhance the aromatisation reaction with metal load and its dispersion over the catalyst surface. Thus, higher dispersed metal situated inside the cages of extrudates favoured in adsorption of aromatics and n-paraffins on the Pt-clusters. Hence, end-on adsorption should facilitate in carbocations to aromatization [11] [12] [13] . However, alkylation was unavoidable through H-β, but in this study, Pt and Cl with H-β (more than 2wt% Pt and substituting Cl − with the intercrystalline structure of extrudate) resulted with a significantly low concentration of the bi-phenyl compound. Introducing Cl in intercrystalline composition weaken acidic strength and this enhanced acid site density and the increase of bond strength within the silica alumina oxides [11] . The chlorinated extrudates contribute to better Pt dispersion in Pt-Cl/H-β than Pt/H-β.
Hydrogenation of rings partially affects by the steric hindrance of the methyl group over the ortho-or para-position with traces of meta-position on phenyl compounds observed. It was also Apart from the temperature influences, the dehydrocyclisation of n-paraffins was a metal catalysed reaction [35] that might enhance the aromatisation reaction with metal load and its dispersion over the catalyst surface. Thus, higher dispersed metal situated inside the cages of extrudates favoured in adsorption of aromatics and n-paraffins on the Pt-clusters. Hence, end-on adsorption should facilitate in carbocations to aromatization [11] [12] [13] . However, alkylation was unavoidable through H-β, but in this study, Pt and Cl with H-β (more than 2wt% Pt and substituting Cl − with the intercrystalline structure of extrudate) resulted with a significantly low concentration of the bi-phenyl compound. Introducing Cl in intercrystalline composition weaken acidic strength and this enhanced acid site density and the increase of bond strength within the silica alumina oxides [11] . The chlorinated extrudates contribute to better Pt dispersion in Pt-Cl/H-β than Pt/H-β.
Hydrogenation of rings partially affects by the steric hindrance of the methyl group over the ortho-or para-position with traces of meta-position on phenyl compounds observed. It was also evident the propagation of the methyl group in isomers might shift from ortho-to meta-or paraposition due to the hindering effect [36] . In spite of n-paraffins with aromatic content, inhibition of Apart from the temperature influences, the dehydrocyclisation of n-paraffins was a metal catalysed reaction [35] that might enhance the aromatisation reaction with metal load and its dispersion over the catalyst surface. Thus, higher dispersed metal situated inside the cages of extrudates favoured in adsorption of aromatics and n-paraffins on the Pt-clusters. Hence, end-on adsorption should facilitate in carbocations to aromatization [11] [12] [13] . However, alkylation was unavoidable through H-β, but in this study, Pt and Cl with H-β (more than 2wt% Pt and substituting Cl − with the intercrystalline structure of extrudate) resulted with a significantly low concentration of the bi-phenyl compound. Introducing Cl in intercrystalline composition weaken acidic strength and this enhanced acid site density and the increase of bond strength within the silica alumina oxides [11] . The chlorinated extrudates contribute to better Pt dispersion in Pt-Cl/H-β than Pt/H-β.
Hydrogenation of rings partially affects by the steric hindrance of the methyl group over the ortho-or para-position with traces of meta-position on phenyl compounds observed. It was also evident the propagation of the methyl group in isomers might shift from ortho-to meta-or paraposition due to the hindering effect [36] . In spite of n-paraffins with aromatic content, inhibition of olefin oligomerisation and multiple alkylations might gain low deactivation on H-β [37] , which offers oligomerisation of lighter hydrocarbon in benefiting from getting diesel.
Conclusions
Experimental results indicate that n-alkane can isomerise without significant cracking at 230 and 270 • C using Pt-Cl/H-β-zeolite. Since the hydrogenation and its isomerisation independent on the metal content, this reaction over the acid sites was the limiting step of the paraffin transformation. The shift from branches to cracking or disproportionate is low in middle distillate recovery. Further no indication of ring formation in the hydro-isomerisation process. With strong adsorption of toluene on a high binding nature at acidic sites compare to straight-chain hydrocarbons, the hydrogenation and cleavage of C-C bond in aromatic show higher rate and thus reduce the composition of aromatic content in the product. So, rearrangement and branching rate had reduced for high aromatic concentration in diesel. The rate of dearomatisation over the acid sites of zeolite was high, and it is temperature-dependent. Subsequently, the reaction rate of hydrocracking was low with the presence of Cl. Therefore, competitive adsorption of aromatic compounds concerning n-paraffins at the acidic sites had reduced isomerisation rate. From this study, monobranched isomeric formation and alkenes reduced the diesel cloud point up to −32 • C (say as 250 • C). On the other hand, the aromatic content reduced up to 2.2 v/v% was notable.
